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Semiconductor nanoparticles (or quantum dots) in thin films
have been identified as possible sensors to probe the
ultrafast field patterns in femtosecond optical pulses. the
development of these wsemiconductor-based detectors
allow for direct electronic probing of the carrier-envelop
phase of femtosecond pulses. This determines the
distribution of the optical field within a few-cycle pulse
envelope. The research has the potential to open up new
schemes of optical communication and information
processing. It also provides an enabling technology for
the emerging attosecond science, which seeks to explore
the physical world at the time scale of 10-15–10-18 second.

The Sol-Gel method was the direction of choice for this project and many
avenues were researched regarding this method. The sol-gel mixtures that were
tested stemmed from a few select papers that incorporated the same sort of
material. In one instance CdS nanoparticles were what was being constructed.
This was the case that was followed the most closely, although some parameters
had to be changed so that the testing could be done in the current lab available at
the time.

The results for this project were very good and can be
considered an overall success. The first results gleaned were
to actually test if the sol-gel solution would condense to
give a glass substance. The first test produced results in the
form of a beaker filled with broken glass. This was the first
step of many in the production of these nanoparticles
formed through the sol-gel method. Once the solution was
proven to successfully form a gel and ultimately a glassy
substance the next portion of the testing was focused on the
actual quantum dots. A) were there any in the solution. B)
what wavelength of light did they emit and C) what
parameters may be varied to produce more efficient
quantum dots in terms of intensity, and or density.

A critical technique for the project is the development of the
semiconductor nanoparticle detectors, which take the
form of thin films deposited on glass substrates. The
objective of this RCEU project is to explore how one
particular type of thin-film deposition technique, the solgel method, can be used to produce thin films containing
semiconductor nanoparticles on glass surface. A
hypothetical configuration of the intended detector is
shown in Fig. 1 where CdS quantum dots (QD) are
generated in a glass matrix and coated on a glass
substrate. Such a structure can generally be realized by
first preparing the organically modified ceramic films
from precursor solution containing Tetramethoxysilane
(TMOS) (or Tetraethoxysilane (TEOS)), water, alcohol
and Cd ions with proper molar ratios, and then exposing
them to gaseous hydrogen sulfide to produce CdS
complex, which is then dissolved in the composite glass
precursor with thiourea added. The complex is then
deposited on glass substrates via dip coating or spin
coating. The goal of the current RCEU project is to
actually map out the general scheme step by step in the
lab and produce a prototype detector for preliminary
ultrafast spectroscopy tests

The ingredients used were as follows: Ethanol, Water, Tetraethyl Orthosilicate
(TEOS), Hydrochloric acid, Thiourea, and Cadmium Nitrate Tetrahydrate.The
combination of Ethanol TEOS and HCl were used to make the sol-gel material.
The actual solution that caused the glass to be formed. A combination of Ethanol,
Water, Thiourea, and Cadmium Nitrate Tetrahydrate were used to form the
quantum dots. The two solutions were mixed together and the results were
observed. Various parameters were altered to change the outcome and increase
the emission of the quantum dots. With a higher concentration however, there
becomes difficulty with the actual solution becoming cloudy and precipitate
forming. This precipitate could cause complications in the actual testing further
down the road. The laser used for testing the quantum dots is featured below.

The first tests on the solution produced successful results
with a sharp peak indicating the presence of quantum dots
in the solution. The peak also indicated that the quantum
dots emitted light of wavelength around 612nm. Many
different combinations and concentrations were tested
which presented valuable information about how the
solution produced these nanoparticles. Upon doubling the
concentration of the CdS solution the best results were
gleaned (this graph is featured bottom left). Additional tests
were done where no Cd or S were present to examine if the
peak was due to a different source. In this test no peak was
seen which indicates strongly that the peak seen is due to
quantum dot emission.

2. Sources
CHARACTERIZATION OF MPS CAPPED CdS QUANTUM DOTS AND
FORMATION OF SELF-ASSEMBLED QUANTUM DOTS THIN FILMS ON A
GLASSY SUBSTRATE
Synthesis and optical properties of CdS quantum dots embedded in silica matrix
thin ﬁlms and their applications as luminescent solar concentrators
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